Understanding patterns of species richness is a major goal for ecologists, especially in space-31 limited habitats where many organisms live on top of others (epibiosis) exemplified by algae 32 growing on gastropods in marine environments. We tested the hypotheses that species 33 richness of epiflora on the gastropod Turbo torquatus would not differ between regions with 34 similarly rich algal floras, and that epifloral richness would increase with increasing 35 gastropod size. Macroalgal floras of Hamelin Bay, Marmion, Jurien Bay and Kalbarri, 36
Introduction 50
Space is often a limiting resource in marine environments, where epibenthic sessile species 51 rely on hard substrata for a significant part of their life cycle. Consequently, hard surfaces are 52 usually rapidly fouled by invertebrates or algae (Wahl 1989) . Macroalgae generally dominate 53 on upward facing surfaces where there is sufficient light and low-enough grazing pressure 54 (Irving and Connell 2002) . Where grazing is intense, the substratum is usually devoid of erect 55 vegetation, comprising mainly crusts of coralline algae ('barrens') (Fletcher 1987; Coleman et 56 al. 2006) . 57 58 Shell-producing gastropods are 'islands' of hard substratum, and they often provides habitat 59 to a rich epibiota of algae and sessile animals. More generally, epibiotic associations are 60 defined by a basibiont (the host) that provide habitat for attached or mobile species (the 61 epibionts). Animal basibionts are usually slow-moving or sessile, non-burrowing, long-lived, 62 large and often with a biologically inactive external body surface (Wahl and Mark 1999) . 63
With ~80 described host species, Gastropoda is the animal class with the largest number of 64 known basibionts (Wahl and Mark 1999) . However, an abundance of epibiota is also common 65 on many other benthic invertebrates (e.g., Davis and White 1994) . Obligate epibionts are rare 66 -the majority of epibionts are facultative (i.e., not host or substratum selective), and are 67 usually also found living on other suitable surfaces in the vicinity of their hosts (Wahl and 68 Mark 1999) . The ecological significance of epibiosis varies greatly (Wahl 1989 ); for example, 69 for gastropod basibionts it has been associated both with positive effects of reducing 70 predation rates (Thornber 2007 ) and negative effects of increased mortality (Schmitt et al. 71 1983; Warner 1997) Ecklonia radiata and fucalean algae characterise most sunlit surfaces (Wernberg et al. 2003; 83 Smale et al. 2010) . The southwest coast of Western Australia is one of the most species-rich 84 areas for macroalgae in the world (Bolton 1994) . The composition and structure of algal 85 assemblages differ among regions at different latitudes in this region (Wernberg et al. 2003; 86 Smale et al. 2010) , and between reefs of different geology (Harman et al. 2003) , 87 geomorphology (Toohey et al. 2007) , and wave exposure (Kendrick et al. 1999 ). However, 88 the taxonomic richness of foliose species with a thallus >0.5 cm remains roughly consistent 89 across the region, typically with 15-30 species 0.25 m -2 (Kendrick et al. 1999; Harman et al. 90 2003; Wernberg et al. 2003; Toohey et al. 2007) . 91
92
Understanding the mechanisms that drive patterns of species richness is a major research 93 agenda for ecologists (Brown 1995) . Many studies have investigated patterns of epibiosis 94 within a location (e.g., between different basibiont taxa, Davis and White 1994), but rarely 95 have patterns among locations been assessed. Because of the facultative nature of epibiosis 96 (Wahl and Mark 1999) , the epibiota of basibionts such as T. torquatus represent 'samples' of 97 local communities. Patterns of epibiota richness on widespread basibionts may thus be 98 informative of regional and local drivers of community structure more generally as well as for 99 epibiota specifically. The species richness of local communities depends on an interplay 100 between broad-scale biogeographical and evolutionary processes that determine the regional 101 species pool, and small-scale ecological processes that excludes, or promotes, subsets of 102 species through biotic and abiotic interactions (Keddy 1992) . Still, across ecosystems and taxa 103 two general patterns have emerged: strong positive relationships between (a) the richness of Here, we assess the model that epibiota richness on turbinid gastropods is positively related to 109 the richness of the regional species pool and the size of the basibiont. As the species richness 110 of regional algal floras in our study area are similar, this model predicts that (1) there will be 111 no differences in the species richness of epiflora among different regions, and (2) species 112 richness of the epiflora will increase with increasing size of basibiont. Total shell length was a good predictor of shell surface area (r 2 = 0.98, P < 0.0001; Fig. 1) , 174 and the regression model was used to calculate the shell surface area of all Turbo torquatus 175 from field measurements of total shell length. 176 177 Mean species richness of regional algal floras ranged from 18.3 -41.0 species reef -1 , and 178 there were significant differences among regions (F 3,20 = 6.47, P = 0.003), although post hoc 179 SNK tests were unable to establish an unambiguous pattern of differences between regions 180 ( Fig. 2 ; Jurien Bay = Hamelin Bay= Marmion  Kalbarri). Importantly, for the comparison of 181 epifloras on large gastropods, there was no difference in regional species richness between 182
Hamelin Bay and Marmion. 183 184 A total of 156 gastropods were sampled across the study area; 95 were small (<150 cm 2 ) and 185 61 were large (>150 cm 2 ). There were no differences among locations in mean size (F 3,91 = 186 1.89, P = 0.140) or epiflora species richness (F 3,91 = 0.11, P = 0.96) for small T. torquatus. On 187 average, the size of small gastropods was 75 ± 3 cm 2 and they hosted 0.91 ± 0.1 (SE, n = 95) 188 species of foliose algae. Across all regions, there was a positive relationship between 189 gastropod size and species richness of the epiflora on small T. torquatus (r = 0.61, P < 0.0001, 190 n = 95; Fig. 3 ). Large (>150 cm 2 ) T. torquatus were only found in Hamelin Bay and Marmion 191 ( Fig. 3 ). Large individuals from Marmion (238 ± 9 cm 2 , mean surface area ± SE, n = 20) were 192 significantly larger (ca. 14%) than those from Hamelin Bay (208 ± 4 cm 2 , SE, n = 40) (t 56 = 193 3.00, P = 0.006; Fig. 3 ). The species richness of epiflora was 2.5 times higher in Marmion 194 (8.3 ± 0.7 species Turbo -1 , SE, n = 20) than in Hamelin Bay (3.4 ± 0.5 species Turbo -1 , SE, n 195 = 40), and this was statistically significant (t 56 = 6.74, P < 0.001). The epiflora in Marmion 196 continued to accumulate species with increasing basibiont size, as we found for small 197 gastropods, which resulted in a positive relationship there between epifloral richness and 198 basibiont size (r = 0.13, P = 0.590, n = 20; Fig. 3 ). The relatively low value of the correlation 199 coefficient was considerably influenced by two individuals with very low species richness 200 (i.e., outliers clearly outside the general pattern); the correlation coefficient increased to r = 201 0.49 (P = 0.044, n = 18), when these two samples were omitted. In contrast to Marmion, the 202 richness of the epiflora on large T. torquatus did not increase with increasing shell size in 203
Hamelin Bay (r = -0.17, P = 0.284, n = 40). Marmion despite no differences in the regional species pools of macroalgae. Moreover, 218
whereas the species richness of epiflora increased with increasing basibiont size in Marmion, 219 it did not in Hamelin Bay. Consequently, our data does not support the model that epifloral 220 richness simply reflects the richness of the regional species pool and the size of the basibiont. 221
Substantially higher densities of epibiotic limpets in Hamelin Bay, and a negative relationship 222 on large snails between limpets and algal species richness, suggest that limpets maintain a 223 disproportionately low species richness of the epiflora in Hamelin Bay. Thus, our study 224 indicates that biological interactions between limpets and algae (presumably grazing) modify 225 the expected richness patterns. 226
227
No epiflora was found on gastropods smaller than 49.3 cm 2 (41 mm TSL). Assuming an 228 annual growth rate of 12.9 mm year -1 (Joll 1975 ), this implies that T. torquatus are around 3.2 229 years old before they start to become fouled by macroalgae. The relatively long delay before 230 the onset of fouling suggests that the epibiosis requires some sort of preconditioning of the 231 shell such as damage from failed predation attempts (Schmitt et al. 1983 ), facilitation by 232 earlier colonisers such as serpulid worms (Warner 1997) or encrusting coralline algae 233 (Thornber 2007) . Indeed, both serpulids and encrusting corallines were often seen on small 234 shells otherwise devoid of epibionts. 235 236 Patterns in species richness of epiflora growing on T. torquatus followed the expected 237 patterns for small gastropods and large gastropods in Marmion, but not for large gastropods in 238
Hamelin Bay. Overall, the mean number of epifloral species in Marmion (8.3) was higher 239 than the median epibiota richness (4.8) reported for molluscs as a group (Wahl and Mark 240 1999) . Given that T. torquatus are large relative to most other gastropods, this is consistent 241 with an overall positive relationship between basibiont size and epibiont richness. Conversely, 242 the markedly lower epifloral richness in Hamelin Bay (3.4) clearly sets this region apart from 243 the general patterns of epibiosis. Large T. torquatus were slightly bigger in Marmion than in 244
Hamelin Bay, but the difference was relatively small (14%), and despite the positive 245 relationship between richness and size in Marmion, size differences seem unlikely to be a 246 significant contributor to the large (~250%) difference in epifloral richness between the two 247 regions. Moreover, size differences do not explain the lack of correlation between size and 248 species richness in Hamelin Bay. 249
250
The division between small and large T. torquatus, where they would be ~6.2 years old 251 assuming 12.9 mm growth year -1 (Joll 1975) , was based on biogeographical patterns of 252 population structure (Wernberg et al. 2008 ). However, this threshold also appears to 253 correspond well to the onset of change in the epifloral richness pattern in Hamelin Bay (cf. 254 Turbo -1 of 208 cm 2 ) is equivalent to ~140 limpets m -2 , which is in the same order of 263 magnitude as has been recorded to cause a significant impact on the cover of foliose 264 macroalgae across temperate rocky coasts (Coleman et al. 2006 In conclusion, we found substantial differences in epifloral richness despite similarly rich 289 regional algal floras, and richness did not always increase with increasing basibiont size. As 290 such, the generalisations about species richness did not apply unequivocally to the epiflora on 291 turbinids in Western Australia. We propose that limpets are responsible for the geographical 292 differences in epifloral richness. Our study adds to the mounting evidence that regional 293 differences in biological interactions, perhaps mediated by environmental conditions such as 294 ocean circulation patterns or temperature, is likely to play an important role in influencing 295 broad-scale patterns of biodiversity. 296 297 areas. We also thank the Editor (Boulton), an Associate Editor, A. Davis and an anonymous 302 reviewer for comments that have improved the manuscript. 303 
